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OCT-based reconstruction of the crystalline lens Gradient 
Refractive index: changes with age and accommodation
Susana Marcos. Instituto de Optica, Instituto de Optica, CSIC, 
Madrid, Spain.
Presentation Description: The optical properties of the crystalline 
lens are largely determined by its shape and its gradient index 
(GRIN) distribution. Knowledge of their change of these properties 
with accommodation and age will give us important insights into 
the mechanism of accommodation and presbyopia. Quantitative 
Optical Coherence Tomography (OCT) allowed measurements of 
the 3-D shape the lens in vivo and in vitro. In addition, an OCT-
based method, combined with global search algorithms allowed 
reconstruction of the crystalline lens GRIN in vitro. Studies were 
performed in porcine lenses, human lenses of different ages and non-
human primate lenses under simulated accommodation in a stretcher 
system. Experimental measurements of shape and GRIN in the same 
OHQVHVDOORZHGWKH¿UVWGLUHFWDQDO\VLVRIWKHLUUHODWLYHFRQWULEXWLRQ
to the crystalline lens spherical aberration, as a function of aging and 
accommodation.
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A stochastic model of lens growth
Hrvoje Sikic. Mathematics, University of Zagreb, Croatia, Zagreb, 
Croatia.
Presentation Description: The mathematical relationships that 
determine the size and shape of macroscopic biological structures 
are not well understood in any system, but the eye, and in particular 
the lens, appears to offer a promising model system with which to 
DSSURDFKWKLVGLI¿FXOWTXHVWLRQ2QHFDQUHDVRQDSULRULWKDWWKH
morphology of the image-forming tissues of the eye is likely to 
be regulated with particular precision. The anterior and posterior 
faces of the lens, for example, are key refractive surfaces and 
GLUHFWO\LQÀXHQFHWKHDFXLW\RIWKHH\H3XWVLPSO\DOHQVWKDWLVWRR
large or too small will not focus light sharply on the retinal plane. 
&RQVHTXHQWO\WKHUHLVOLNHO\WREHVLJQL¿FDQWVHOHFWLYHSUHVVXUHIRU
accurate growth control in the lens and associated ocular structures. 
On the other hand, there is evidence from both human and animal 
studies that under pathological conditions the well-ordered growth 
process of the lens may be disturbed. Thus, a better understanding 
of the lens growth process may provide insights into the refractive 
development of the healthy eye and clues to the etiology of various 
eye diseases.
By virtue of its unusual anatomy, the lens lends itself to a 
mathematical analysis of the growth process. All cells are retained 
within the system and the provenance of each is known. Only two 
cell types are present (note that the lens is not innervated and it lacks 
DEORRGVXSSO\DQGLQWKHFDVHRIWKH¿EHUVWKHFHOOVDUHSDFNHG
WLJKWO\ZLWKLQWKHWLVVXHLQDKH[DJRQDOSDWWHUQWKDWUHÀHFWVWKHRUGHU
in which the cells differentiated. Finally, the smooth and symmetrical 
VKDSHRIWKHOHQVPDNHVLWXQLTXHO\DPHQDEOHWRJHRPHWULFDQDO\VLV
In the present study, the mouse lens was imaged in three dimensions 
by confocal microscopy. The shape of individual cells was revealed 
E\H[SUHVVLRQRIHQGRJHQRXVÀXRUHVFHQWSURWHLQVRULQFRUSRUDWLRQ
RIOLSRSKLOLFÀXRUHVFHQWG\HVLQWRWKHOHQVFHOOPHPEUDQHV7KH
distribution of proliferating cells was visualized by incorporation 
of the S-phase label, EdU. These data were used to formulate a 
¿UVWJHQHUDWLRQVWRFKDVWLFPRGHORIOHQVJURZWKWKDWUHODWHVWKH
proliferative behavior of individual cells in the epithelium to changes 
in the macroscopic dimensions of the lens. Numerical simulations 
were performed using the model and compared to empirical 
measurements of lens growth kinetics. The results help clarify the 
geometric constraints that apply when an optical instrument is to 
be constructed from living cells. (This is a joint work with Steven 
Bassnett.)
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Physiological maintenance of the optical properties of the lens
(KVDQ9DJKH¿5H]DHL1Department of Optometry & Vision Sciences, 
University of Auckland, New Zealand, Auckland, New Zealand; 
2Auckland Bioengineering Instiute, University of Auckland, New 
Zealand, Auckland, New Zealand.
Presentation Description: Age-related changes to the optical 
properties of the ocular lens result in presbyopia and cataract. 
Although presbyopia currently affects nearly 1.7 billion people 
and cataract is responsible for 51% of world blindness, we still 
know relatively little about how the optical properties of the lens 
are established and maintained at the molecular and cellular levels. 
What we do know is that our biological lens establishes a gradient 
of refractive index (GRIN) which by correcting for the optical errors 
induced by the cornea promotes clear vision. The GRIN is created by 
regional differences in the water to protein concentration ratio and it 
is our hypothesis that this water/protein ratio and hence the lenticular 
GRIN is actively maintained. Here we present our latest results to test 
this hypothesis and show that inhibiting lens transport changes the 
*5,1SURGXFLQJFKDQJHVLQYLVLRQTXDOLW\2XU¿QGLQJVVKRZWKDWWKH
OHQVLVQRWDSXUHO\SDVVLYHRSWLFDOHOHPHQWEXWLVUHOLDQWRQLWVXQLTXH
cellular physiology to actively maintain its optical properties.
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Cytoskeleton and mechanical properties
3DXO)LW]*HUDOG1Cell Biol & Human Anatomy, Univ of California, 
Davis, CA; 2Center for Vision Science, Univ. of California, daVIS, 
CA.
Presentation Description: The lens assembles two different 
QHWZRUNVRILQWHUPHGLDWH¿ODPHQWVGXULQJGLIIHUHQWLDWLRQ7KLV
SUHVHQWDWLRQZLOOH[DPLQHKRZLQWHUPHGLDWH¿ODPHQWVFRQWULEXWHWR
the structure and mechanical properties of the lens.
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Optomechanical models of lens accommodation based on 
physiological measurements
Arthur Ho. Brien Holden Vision Institute, Sydney, Australia, UNSW 
Sydney, NSW, Australia.
Presentation Description: .
Commercial Relationships: Arthur Ho, Vision Cooperative 
Research Centre US 8,439,974 (P)
